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Infrared magnetic circular dichloism (MCD), or equivalently magneto-optical Kerr effect,
has been measured on the Tl2Mn2O7 pyrochlore, which is well known for exhibiting a large
magnetoresistance around the Curie temperature TC ∼ 120 K. A circularly polarized, infrared
synchrotron radiation is used as the light source. A pronounced MCD signal is observed exactly
at the plasma edge of the reflectivity near and below TC . However, contrary to the conventional
behavior of MCD for ferromagnets, the observed MCD of Tl2Mn2O7 grows with the applied
magnetic field, and not scaled with the internal magnetization. It is shown that these results
can be basically understood in terms of a classical magnetoplasma resonance. The absence of a
magnetization-scaled MCD indicates a weak spin-orbit coupling of the carriers in Tl2Mn2O7.
We discuss the present results in terms of the microscopic electronic structures of Tl2Mn2O7.
KEYWORDS: Tl2Mn2O7, infrared magnetic circular dichloism, magnetoplasma, colossal magnetoresis-
tance.
1. Introduction
Physics of colossal magneto-resistance (CMR) phe-
nomena has attracted much interest recently. The most
famous examples are probably the ferromagnetic per-
ovskite manganites such as La1−xSrxMnO3.
1 In these
compounds, the so-called ”double exchange“ interaction
and the strong Jahn-Teller effect due to Mn3+ are re-
sponsible for the CMR and other interesting properties
near the Curie temperature (TC).
2, 3 Another CMR com-
pound that is equally interesting is the Tl2Mn2O7 py-
rochlore.4–9 This compound is also a ferromagnet, and
its resistivity (ρ) drops rapidly upon cooling below TC ∼
120 K. Near and above TC , an external magnetic field
(B) of 7 T reduces ρ by a factor of ∼ 10. Although these
features appear similar to those for the perovskites, it has
been shown that the underlying mechanism is very dif-
ferent: The spontaneous magnetization below TC is pro-
duced by the Mn4+ sublattice through superexchange in-
teraction, independently from the conduction electrons.
The conduction band has large Tl 6s and O 2p compo-
nents.8, 10, 11 The CMR mainly results from changes in
the conduction band when the applied B field induces
a magnetization and hence a band polarization. Such
magneto-resistance mechanism has been considered12, 13
to be analogous to that of europium chalcogenides such
as EuO.
Our previous magneto-optical study of Tl2Mn2O7 pro-
vided much information regarding its electronic struc-
tures.14 The optical reflectivity spectrum R(ω) at 295 K
was similar to those for insulating oxides. Upon cool-
ing below TC , however, R(ω) showed marked increases
in the far-infrared region, with a clear plasma edge un-
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dergoing blue shifts with decreasing temperature (T ).
These changes clearly indicated a crossover to metallic
electronic structures below TC . R(ω) also showed large
increases and plasma edge shifts when a strong magnetic
field was applied near TC , that were very similar to those
caused by cooling. Based on the R(ω) data and the opti-
cal conductivity σ(ω) obtained from R(ω), we concluded
that the CMR was caused by the appearance of a small
conduction band, and that the B-induced changes in the
electronic structure were very similar to those induced by
cooling at B=0. It was also found that the effective car-
rier density showed a universal scaling with M2, where
M is the internal magnetization, over wide ranges of T
and B.
In this work we have studied the magnetic circular
dichloism (MCD) of Tl2Mn2O7 in order to obtain in-
formation about spin-dependent carrier dynamics below
TC . An MCD refers to a magnetically-induced difference
between the optical responses to the incident light with
right- and left-circular polarizations. In principle it can
be a sensitive probe of spin-polarized electronic states in
a magnetic material. Band calculations for ferromagnetic
Tl2Mn2O7 have predicted that the conduction electrons
are completely spin-polarized.8, 10, 11 The carrier dynam-
ics of such spin-polarized material is very interesting from
both physical and technological points of view. A strong
MCD has been observed exactly at the plasma edge of
R(ω) in the infrared region, showing that the MCD arises
from a small density of free carriers. The appearance of
the MCD is closely related to the applied B, rather than
M . We show that the observed MCD spectra can be ba-
sically understood based on a classical magneto-plasma
model. The results are analyzed in terms of the electronic
structures of Tl2Mn2O7.
1
2 J. Phys. Soc. Jpn. Full Paper Author Name
2. Experimental
We used the same Tl2Mn2O7 sample, having
TC ∼ 120 K, as that used in the previous report.
14 The
MCD experiments were done using a circularly polar-
ized infrared synchrotron radiation as the light source, at
the beam line BL6A1 of the UVSOR Facility, Institute
for Molecular Science.15, 16 Using synchrotron radiation
source, one can obtain circularly polarized light over a
wide range of photon energy,15–17 without additional op-
tical elements such as a λ/4 plate. The reflectivity spec-
tra of the sample were measured under a near-normal
incidence, with magnetic fields applied perpendicular to
the sample surface. An MCD under this condition is of-
ten referred to as the magneto-optical Kerr effect.18 The
incident light always had right circular polarization, and
the magnetic field was applied either parallel ( ~B+) or
antiparallel ( ~B−) to the incident light. In this work we
define the MCD spectrum as
δ(ω) = −
R+(ω)−R−(ω)
Ravg(ω)
, (1)
where R±(ω) are the R(ω) spectra measured under ~B±
fields, respectively, and Ravg(ω) is the average of R±(ω).
Namely the MCD is the relative difference in R(ω) that
results when the ~B direction is reversed for a fixed
helicity of circularly polarized incident light. (This is
equivalent to reversing the helicity of the circular po-
larization for a fixed ~B direction.) The MCD thus de-
fined is directly related to the Kerr ellipticity, ηK(ω), as
δ(ω) = −4ηK(ω).
18 The Kerr rotation angle θK(ω) is
given as
θK(ω) = −[θ+(ω)− θ−(ω)]/2. (2)
Here θ±(ω) are the phase shifts of the complex reflec-
tivity under ~B± fields, which can be obtained from the
R±(ω) spectra using the Kramers-Kronig (K-K) rela-
tions.19 A superconducting magnet was used to apply the
field, and a Fourier-transform interferometer was used
to record the reflectivity spectra. The magneto-optical
spectra were taken at photon energies below 1.1 eV, to
which the zero-field spectra up to 35 eV14 were smoothly
connected.
3. Results and Discussion
Figure 1 shows the Ravg(ω) and the MCD spectra of
Tl2Mn2O7 at 40 K for B=2, 4, and 6 T. Ravg(ω) at 40 K
shows only minor dependence on B,14 and the Ravg(ω)
spectra at 0 and 6 T in Fig. 1 are almost unchanged. The
sharp minimum in Ravg(ω) near 0.17 eV is the plasma
edge, below which the reflectivity is high due to the
Drude response of free carriers. The sharp structures in
Ravg(ω) below 0.08 eV are due to optical phonons. As
shown in the bottom graph of Fig. 1, a clear MCD is ob-
served around the plasma edge, which becomes stronger
with increasingB. The sharp MCD peaks around 0.05 eV
probably result from the plasmon-LO phonon coupling,20
which will not be discussed in this work. The Kerr ro-
tation θK(ω) at 6 T is also shown in Fig. 1. It is seen
that the maximum Kerr rotation of Tl2Mn2O7 is about
1 degree at B=6 T.
The temperature dependence of the observed MCD at
B=6 T is shown in Fig. 2, together with the Ravg(ω)
spectra at 0 and 6 T. The field-induced variations of
Ravg(ω) at 125 K, near TC , are very large. This is due
to the increase of free carriers caused by the band polar-
ization induced by the applied magnetic field,14 which is
closely related with the CMR. Away from TC , however,
the field-induced changes in Ravg(ω) are very small. The
observed MCD becomes stronger with decreasing T . In
addition, the position of the MCD peak closely follows
that of the plasma edge, as the latter undergoes blue
shifts with decreasing T . This result strongly suggests
that the observed MCD is closely related with the free car-
riers in Tl2Mn2O7. Note that the field-induced changes
of Ravg(ω) are largest near TC , but the MCD becomes
largest at lower temperatures.
Figure 3 plots the magnitude (peak height) of the
MCD as functions of magnetic field and temperature,
with the measured magnetization (M) of the same sam-
ple. Note that M is induced even well above TC under
applied fields of 4 and 6 T. Figure 3 clearly shows that
the variation of MCD does not closely follow that of M .
This is most clearly seen at 40 K in Fig.3(a), where M is
almost saturated above 0.5 T although the MCD grows
with increasing B even above 4 T. In addition, Fig. 3(b)
shows that the MCD appears only below 160 K, which is
coincident with a rapid increase of M with cooling. This
result probably indicates that a well-defined conduction
band can be established only below 160 K, although an
induced M exists even at higher temperatures.
An MCD due to free carriers may arise through sev-
eral mechanisms. In a ferromagnetic metal such as Gd,
free carriers may lead to an MCD due to their skew scat-
terings caused by the internal M and a spin-orbit cou-
pling.21 Also for paramagnetic metals, a large MCD at
ωp has been attributed to an exchange-enhanced split-
ting of the plasma edge.22 In these cases, the MCD
should be proportional to the spin polarization of the
carriers. This is in contrast to the present results, where
the observed MCD is not scaled with the internal M .
Another possibility is a plasma edge-enhancement of
MCD,23–25 where a strong MCD is caused when a steep
plasma edge is present and well separated in energy from
the interband transitions. Although the R(ω) spectra of
Tl2Mn2O7 below TC may satisfy both of these condi-
tions,14 this mechanism does not seem consistent with
the B-dependence of the MCD for Tl2Mn2O7. Interac-
tion of the plasma resonance with interband transitions
involving magnetic states26 is also unlikely, since ωp is
far apart from the interband transitions, located above
2 eV.14 We show below that the classical magnetoplasma
(MP) resonance,20, 27 which is a coupled Drude-cyclotron
response of free carriers under B field, can basically ac-
count for the observed MCD. In this model an MCD ap-
pears at the plasma edge due to its splitting into ωp±ωc,
where ωc is the cyclotron energy.
We take the z axis normal to the sample surface, and
the polarization vectors lie in the xy plane. Then in the
classical MP model for isotropic band electrons, the com-
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ponents of the complex dielectric tensor are given as20, 27
ǫˆxx = 1−
ω2p
ω
(ω + iγ)
(ω + iγ)2 − ω2c
(3)
ǫˆxy = −ǫˆyx =
ω2p
ω
iωc
(ω + iγ)2 − ω2c
, (4)
where ωp and ωc are the plasma and cyclotron energies,
respectively, and γ is the damping. The complex refrac-
tive indeces for ± field directions, Nˆ±, are the two eigen
values of the complex refractive index tensor.18 They sat-
isfy Nˆ2± = ǫˆxx ± iǫˆxy. By definition, they also satisfy
Nˆ2± = ǫˆ± = ǫ1±+ iǫ2±, where ǫˆ± are the complex dielec-
tric functions of the MP for the ± field directions, and
ǫ1± and ǫ2± are their real and imaginary parts, respec-
tively. Hence we have
ǫˆxx ± iǫˆxy = ǫ1± + iǫ2±, (5)
Substituting (3) and (4) into (5), we obtain
ǫ1± = 1−
ω2p
ω2 + γ2
∓
ω2pωc(ω
2 − γ2)
ω(ω2 + γ2)2
(6)
ǫ2± =
γω2p
ω(ω2 + γ2)
±
2γω2pωc
(ω2 + γ2)2
, (7)
where we have used (ωc/ωp) ≪ 1, valid for the present
case. The total dielectric function is expressed as19
ǫˆt± = ǫˆ± + ǫˆ
ib + ǫˆph, (8)
where ǫˆib arises from the higher-energy interband transi-
tions, which partially screens the plasma oscillations, and
ǫˆph arises from the optical phonons. R±(ω) are given as
19
R±(ω) =
(n± − 1)
2 + k2±
(n± + 1)2 + k2±
, (9)
where n± and k± are real and imaginary refractive in-
dices, respectively, obtained by solving ǫt1± = n
2
± − k
2
±
and ǫt2± = 2n±k±. Finally, the MCD in this model is
obtained by substituting (9) into (1).
We simulate the observed MCD spectra using the
above model as follows. First, we obtained the Drude
parameters γ and ωp by fitting the observed Ravg(ω)
based on the regular Drude reflectivity, i.e., that obtained
by setting ωc=0 in (6)-(9). In doing so, we also used
the classical Lorentz oscillator model19 for the phonon
part ǫph(ω), and the actual ǫib(ω) obtained from the
measured Ravg(ω) through the K-K relations.
28 The ob-
served Ravg(ω) spectra could be fitted well by this proce-
dure, as shown in Fig. 4 (left axis). Then, we substituted
the obtained γ and ωp into (6)-(9), and adjusted ωc as
a parameter so that the MCD calculated through (1) re-
produces the observed MCD spectrum. The fitted value
of ωc was used to calculate the effective mass m
∗, using
the relation ~ωc = eBi/m
∗c. Here, we have assumed that
the internal field Bi acting on the electrons is equal to
the applied field.29 Figure 4 shows the simulated reflec-
tivity and MCD spectra at 6 T, with the used parame-
ters shown in the caption, and Fig. 5 plots the obtained
m∗ values at different values of B and T . The simulated
spectra in Fig. 4 have well reproduced the observed MCD
spectra in Fig. 2, with the obtained m∗/m0 values of ∼
0.8 at 4 T, and∼ 0.6 at 6 T. These values are very reason-
able, since they are close to those predicted by the band
calculations for ferromagnetic Tl2Mn2O7,
8, 10, 11 and also
to those estimated previously from the effective carrier
density.14 Since the parameters γ and ωp have been cho-
sen to reproduce Ravg(ω), the only free parameter in
simulating the MCD is m∗. Considering this fact and
the simpleness of the model, the agreement between the
data and the simulation is remarkable. The decrease in
m∗ from B= 4 T to 6 T is likely to result from changes
in the band structure caused by the increase of M . In
contrast, m∗ does not show significant temperature de-
pendence both at 4 and 6 T.
Regarding the field dependence of the MCD, there
seems to be a threshold for the onset of MCD, as seen in
Fig. 3(a): the MCD grows with B for 4 and 6 T, but is
almost absent at 2 T. This is unexpected from the simple
MP model, which predicts that the MCD at 2 T is about
half that at 4 T. (Note that a well-defined conduction
band exists for T ≪ TC even at zero field.) The reason
for this threshold behavior is unclear at the present, and
it is likely to result from complications not included in
the simple M-P model. For example, the electrons expe-
rience scattering due to disorder such as defects and im-
purities, in addition to electron-phonon interaction. The
degree of disorder-related scattering may vary with the
field strength, depending on the relative magnitude of
the magnetic length (cyclotron radius) to the spatial size
of the disorder potential. Such scattering may make the
contribution of cyclotron motion to the MP resonance
observed only above certain field strength.
Our previous work14 has shown that the variations of
R(ω) and σ(ω) as functions of B and T closely follow
the associated variations of the internal magnetization
M . In fact, the effective carrier density evaluated from
the measured spectra scaled with M2 over wide ranges
of T and B. In addition, the band calculations have pre-
dicted that the conduction electrons in Tl2Mn2O7 are
completely spin polarized. In view of these previous re-
sults, the absence of an M -scaled MCD for Tl2Mn2O7
is a rather unexpected result. Since the angular momen-
tum carried by a circularly polarized photon cannot di-
rectly couple with the electron spin and hence with M ,
the carriers must have a sufficient spin-orbit (s-o) cou-
pling to lead to an MCD. Therefore the present result
strongly suggests a weak s-o coupling for the conduction
electrons in Tl2Mn2O7. A weak s-o coupling of carries in
Tl2Mn2O7 has also been indicated by the observation of
a very weak anomalous Hall effect even well below TC .
9
According to the band calculations, the density of states
for the conduction band below the Fermi level in ferro-
magnetic Tl2Mn2O7 are mainly derived from the Tl 6s,
O 2p, and Mn 3d states about 1:1:1 ratio. Among these,
the orbital angular momentum for 3d electron is usually
quenched, so that the O 2p component may be the only
source of s-o coupling for the conduction electrons. This
may account for the absence of an M -dependent MCD
for Tl2Mn2O7. For a more quantitative account of the
observed MCD, however, it is probably necessary to take
into account the actual band structures, as well as their
dependence on the magnetization.
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It is interesting to compare the present results of
Tl2Mn2O7 with those of EuB6,
31–33 another ferromag-
net with TC=16 K which shows large magneto-optical
effects similar to those for Tl2Mn2O7. Near TC , EuB6
shows very large shifts of the plasma edge in R(ω) with
T and B.31, 32 The Drude weight (effective carrier den-
sity) scales with M2 over wide ranges of T and B.32 A
pronounced MCD appears at the plasma edge of R(ω),
with a Kerr rotation angle as large as 8 degrees.33 Al-
though these results are qualitatively similar to those
found for Tl2Mn2O7, there is one marked difference con-
cerning the plasma edge MCD: In addition to the much
larger magnitude, the MCD for EuB6 follows the varia-
tion of M more closely than that for Tl2Mn2O7.
33 This
is because the plasma edge MCD for EuB6 is due to the
spin polarization of the localized Eu 4f electrons un-
der B fields, aided by the coupling between the Drude
dynamics and the nearby interband transitions involving
Eu 4f states.33 This result is reasonable, since the Eu 4f
electrons are directly responsible for the M . In contrast,
in the case of Tl2Mn2O7 the source of MCD is the free
carriers themselves, which have only small s-o coupling
resulting in the absence of M -scaled MCD.
Conclusion
We have studied the infrared MCD (magneto-
optical Kerr effect) of the magnetoresistive pyrochlore
Tl2Mn2O7, using synchrotron radiation source. A pro-
nounced MCD signal has been observed exactly at the
plasma edge of the reflectivity. The observed MCD grows
with the applied external magnetic field, and it is not
scaled with the internal magnetization. The MCD has
been successfully analyzed in terms of the classical mag-
netoplasma resonance model. The absence of strongly
M -dependent MCD in Tl2Mn2O7 indicates a weak spin-
orbit coupling of the conduction electrons in Tl2Mn2O7.
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Fig. 1. Top graph: the reflectivity (R) spectrum of Tl2Mn2O7 at
T=40 K and B= 0 and 6 T. Bottom panel: the MCD spectra,
defined by (1), and the Kerr rotation θK measured at T=40 K
for B=2, 4, and 6 T.
Fig. 2. Unpolarized reflectivity spectra at magnetic fields 0 T
(dotted curves) and 6 T (solid curves), and the MCD at 6 T
(squares) of Tl2Mn2O7 measured at four temperatures. MCD
signals below 0.06 eV have been omitted for clarity.
Fig. 3. The magnitude of measured MCD (circles, squares, and
triangles) plotted on the right axis as functions of (a) magnetic
field and (b) temperature. The magnetization (M) of the sample
is also plotted on the left axis (solid, dotted, and dashed-dotted
curves).
Fig. 4. Simulated reflectivity and MCD spectra at 6 T based on
the MP model, as described in the text. The Drude parame-
ters used are (ωp, γ)= (0.24 eV, 52 meV) for 140 K, (0.325 eV,
39 meV) for 125 K, (0.38 eV, 30 meV) for 100 K, and (0.445 eV,
30 meV) for 40 K. See also the note.30
Fig. 5. Effective masses in units of the rest electron mass
(m∗/m0) obtained from the MCD data at magnetic fields B=4
and 6 T as a function of temperature.
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